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Background: The controlled ankle motion (CAM) boot is a brace often prescribed to patients to 
offload an injured foot or ankle. Since this is such a commonly used brace, it is important to 
know what changes occur at the hip, knee, and ankle when a CAM boot is worn because when 
joint angles and/or ground reaction forces (GRF) change in a lower extremity, injuries can occur 
due to new loads or stresses being applied to a joint or structure. Previous studies have found a 
CAM boot to increase hip or knee flexion during swing phase of gait, and increase vertical GRF 
while decreasing anterior-posterior (AP) GRF1,2. Therefore, the purpose of this study was to 
determine how lower extremity joint angles and GRF magnitudes change during ambulation 
while wearing a CAM boot.   
 
Methods: This study included two healthy, college-aged, female participants. The independent 
variable was the type of footwear on the left lower extremity (CAM boot vs sneaker) and the 
dependent variables were joint angles in the sagittal plane at the hip, knee, and ankle, as well 
as AP and vertical GRF. Each participant performed a total of six trials, three trials walking at a 
self-selected pace with sneakers on both feet, and three with the CAM boot on the left foot. 
Data was collected through the Vicon© motion system for sagittal joint angles and via force 
plates for ground reaction force. GRFs and joint angles were recorded and compared between 
walking conditions for left lower extremity during stance and swing phases of gait using 
standard statistical measures. 
 
Results and Discussion: Significant differences were found in hip, knee, and ankle joint angles 
and both vertical and AP GRF during stance and swing phases of gait between the two 
conditions. A study by Gulgin, Hall, Luzadre and Kayfish determined changes of > 0.03Nm/kg for 
vertical GRF, > 0.06Nm/kg for AP GRF, and >3.4 degrees for knee flexion to be significant 
changes.3 Therefore, using these values, our study showed significantly decreased vertical GRF, 
AP GRF, and knee flexion with the CAM boot compared to sneakers. Ankle motion was also 
significantly different due to the ankle being held in a fixed position while in the boot. The ankle 
was held in significantly more dorsiflexion and was unable to approach neutral, nor move into 
plantarflexion. See Table 1 for values of variables that were significantly different between CAM 
boot and sneaker ambulation in this study. A noteworthy difference found when comparing the 
vertical GRF graphs is the addition of a third impact peak prior to initial contact in the boot 
condition. These results show significant changes in gait mechanics and GRF when wearing a 
CAM boot. 
 
Conclusion and Clinical Implications: Based on the results, wearing a CAM boot during 
ambulation impacts lower extremity joint angles and GRF. Increased hip flexion and extension 
and decreased knee flexion and extension seem to compensate for the fixed ankle dorsiflexion. 
This is important when considering issues that may develop elsewhere in the body from use of 
the CAM boot. Additionally, small but significant decreases in GRF on the side with the CAM 
boot indicate its effectiveness in offloading forces while recovering from an injury. Further 
research would be beneficial to determine the effects of wearing the CAM boot for an extended 
period of time. 
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Table 1. Significant values of the data collected. 
 
Without CAM Boot With CAM Boot 
  Knee Flexion (degrees) 
Max Stance 35.0 31.0 
  Ankle Dorsiflexion/Plantarflexion* (degrees) 
Max Stance 11.8 41.7 
Min Stance -12.0* 14.8 
Max Swing 9.0 26.8 
Min Swing -13.6* 12.0 
  A-P GRF (Nm/kg) 
F1 -2.2 -1.3 
F2 2.3 -1.4 
Vertical GRF (Nm/kg) 
F1 11.0 10.8 
F2 11.4 11.6 
 
